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(57) Abstract . i a I 

linldng group to link each chromophore moieqr ^^^^ nitrogen derivadvc. The reactive dye compounds of 

ietSc is substimted wid. at least one tW^vanve ^^,^'^^^^jSUtrates such as cotton, and *ow sign^^t 
the invention have high Exhaustion Values. ^^'f^Jy^jT^S^'^fir^ty to the substrate, increasing the dye-sub«ate cova^ent 
improvement in temis of reducing ^Pcnt dy«»tuff in^u«U^n^ ^ ^ ^le post dbremg 

bonding, increasing the ability to dye sutewte* at lOom ♦""P^J^^.j^^^S. ^aditionally associated with dyeing cotton w.A fibre 
r t£^^l^arSuSn?St'i»^ ^aSlC^d. comp^ above provide mo. mtense dyetnp 

and require less levels of salt for dyeing cotton substrates. 
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p^^rtive Dve rnmpounds 



TechnicaTField 



, nn relates to teactive dye compounds. In particular the present 
The present invention relates to reactiv y .J., dye-bath Exhaustion (E) 
invention relates to reactive dye compounds having improved dye bath 



and improved dye-fibre covalent Fixation (F). 




10 



15 



20 



- art for dveine various substrates. Such 
Reactive dye compounds are known m the art for dyemg 

^ A. for examole proteinaceous materials such as keratin, e.g. loui 

t::l1prod„«s such as co«oa. and syuhcic fibres such as po,ya»des. 

, , . „f ,uch reactive dyes which are weU known in the art include dyes 
Examples of classes of such reacfve ay ^^^^^^^ 

containing a mono- or dichloro- or fluoro- -^"'^.^^ ^^^i.^uiphonyl 

fluoro-pynnudy, group. ^-^^^■^'^^^,'Z^Jo^y^> 
beta-halogenoelhylsulphamyl group, chloroace^l ^nmo, 

LLphatoethylsulphamyl group, or a vinyl sulphonyl group. 

f ,1,. dves containing a triainyl group or a pyrimidyl group, in place of the 
to the case of the dyes ^ which dissocUte in the pte«nce of 

reactive halogen atoms one can use other group 

aBcali. Canadian Paten. 771632. for example. "-^^^^ 
including sulphonic acid, thiocyanate, ^-"l*°<*"2- 
nitrosulphophetK-xy groups, and quaternary ammontuna groups. 

H Pi^ems 14 1»0, pages 239-263, "Synthesis and Application of Reactive 
Dyes «.d Pigments 14, 1«<^^ ^ 

Dyes with Heterocychc Reactive ^^"^ ionium 
monochloni- or dichloro- pynmuhne betemeycle wttn q 



30 substituents. 
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T «= are many differen, rypes „f comme,.ially.availablc reaclve dyes for dyefa. 
ce u,os,c and po,y»,ide.,ype s.bs»a.es. However, a emlca, problem s«, L ^ 
«x„le dye .ndusrry .oday i. ,he .g^fican, ,eve, of dy„.ff ™a»na, which ren.Il 

*^pr^blem ,s known as dye-baU, E^«io„ (E). A high Exhaustion value for a 
~ compound means fta. a low leve, of spe., dye remains in d,e effluen 
ato *e dyemg process rs compleie. while a low Exhaus.io„ value means to, a hil 
^vel of spen. dye remains in .he eflluen,. The. , , ^^^^ ^ 

yi~ds. and which provide benefits in terms of reducing levels of 
spent dyestuff in effluent water. 



15 



20 



^vH "hTT " ' compound to 

ha e a hrgh d,..fib„ covalent FixaUon Value (F). The Fixadon Value (F, of a reacti 

! r:r " :rr " °' ^-^^ hj 

to. 100% of the dye covalently bonds to the substrate. Tlus, there is clearly a need to 
^dedye compounds having increased FixaUon Values. A high Fixation Value can 
result m a ^plrficatton of the pos, dyeing "soaping „,r process" traditionally 

result m a reduced ome spent on 0. "soaping ofifprocess" toged^r with a reduce! cost. 

It has now been surprisingly found that a new class of fibre reactive dye compounds 
compnsmg a mtrogen^ntaining beterocyde substituted with M least one thio- 
denvanve, such as thioglycolate, and a. leas, one quatemized nitrogen derivative such 
as nrcounate, exhibit significantly increased values of ExhausUon (E) and Fixation ff) 
^ dyes be used on a Wide vari«y of subs.,«es. They are parUcul^ly useM f„ 
cdlulosrc substrates, such as cotton, and show significt imp,ov«nents in tenns o 
spen. ^«tuff in effluent, incasing dye affimty to the substrate, inct^h; 
*e efficenq, of d« dye-subs^at. covalent reacdon. and simpUfying d« post dyeing 
soaptng oir proce." ^^t, ^ J 8 

be us«l f„ bodi hrgh a™l low temperature dyeing, hence reducing d» cos. of dyeing 
P^. Furd,™,o„. d» compounds of dre pr««„ inve^ion can be used togld«. 
««h specfic chromophores for cellulose subswte dyeing leading to signiflLdy 
reducedlevelsofsahneededfordyeing. "emncanuy 
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<;iiniTnarv of the tovention 

According to the present invention there is provided a reactive dye compound 
5 comprising: 

(a) at least one chromophore moiety; 

(b) at least one nitrogen-containing heterocycle; 

(c) a linking group to link each chromophore moiety to each nitrogen-containing 
10 heterocycle; 

characterised in that the nitrogen-containing heterocycle is substituted with at least one 
thio-derivative and at least one quatemized nitrogen derivative. 

The compounds of the present invention exhibit increased Exhaustion (E) and Fixation 
(F) values and provide improvements in terms of reducing spent dyestuff in effluent, 
increasing dye affinity to the substrate, increasing the efficiency of the dye-substrate 
covalent reaction, ability to carry out the dyeing process at room temperature as well as 
at elevated temperatures, and simplifying the post dyeing "soaping off process" 
traditionally associated with fiber reactive dyes. In addition, the compounds of the 
present invention provide significantly more intense dyeings, i.e. greater colour intensity 
in the dyed substrate. 

Detailed Descript i"" "f the Invention 

As used herein the term "reactive dye" means a dye containing one or more reactive 
groups, capable of forming covalent bonds with the substrate to be dyed, or a dye which 
forms such a reactive group in situ. 

30 As used herein the term "Exhaustion" in relation to reactive dyes means the percentage 
of dye which is transferred from a solution of the dye to the substrate to be treated at the 
end of the dyeing process, before rinsing and soaping. Thus 100% Exhaustion means 
that 100% of the dye is transferred from the dye solution to the substrate. 

35 As used herein the term "Fixation" in relation to reactive dyes means tiie percentage of 
dye which covalently bonds with the substrate, based on the dye originally absorbed 



20 



25 
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durmg the dyeing process. Thus 100«/o Fixation means that 100% of the dye absorbed is 
covalently bonded with the substrate. 

The compounds of the present invention comprise a chromophore moiety and a 
5 mtrogen-containing heterocycle linked via a linking group. The nitrogen-containing 
heterocycle has at least one thio-substituent and at least one quatemized nitrogen 
derivative. ^ 



0 



Chromophore Mni^ty 

The reactive dye compounds herein can comprise one or more chromophore moieties 
In reactive dye compounds comprising two or more chromophore moieties these can be 
the same or different. Preferably the reactive dye compounds herein comprise from one 
to three chromophore moieties. 

Any chromophore moieties suitable for use for dyeing substrates can be used in the 
present invention. The term chromophore as used herein means any photoactive 
compound and includes any coloured or non-coloured light absorbing species eg 
fluorescent brighteners, UV absorbers, IR absorbing dyes. 

Suitable chromophore moieties for use in the dye compounds herein include the radicals 
of monoazo, disazo or polyazo dyes or of heavy metal complex azo dye derived 
therefrom or of an anthraquinone, phthalocyanine, fonnazan, azomethine, dioxazine 
Phenazine, stilbene. triphenylmethane, xanthene. thioxanthene. nitroaryl' 
naphthoqmnone, pyrenequinone or perylenetetracarbimide dye. 

Suitable chromophore moieties for use in the dye compounds herein include those 
disclosed in EP-A-0,735,107 (Ciba-Geigy). incorporated herein by reference, including 
the radicals described therein which contain substituents customary for organic dyes 
such as sulphonate substituents which enhance the water-soluble properties of the dve' 
compound. 

Most pr^feired chromophore D groups for use herein are polysulphonated azo 
chromophores such as those present in Procion (RTM) dyes commercially available 
from BASF. Drimalan (RTM) dyes commercially available from Clariant, Drimarene 
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(RTM) dyes commercially available from Clariani ar.d Levafix (RTM) commercially 
available from Dystar. 



5 Mitrnpen>coP *^'"^^P heterocvcle 

The reactive dyes of 0,. present inv«>.io,. compnse at least one nitn,gen containing 
heteracyclic moiety. In reactive dye compotmds containing two or more mtrogen 
contatJng heterocycles these can be the same or diff«en.. Preferably .he reacttve dy 
,0 compotauis herein comprise from one to fltree nitrogen containmg ^^'^jf 

leas, one of the nitrogen containing h«erocycle moieties herein .s subsntuted wtth a, 
least one thio^vative and at least one qoatemized nitrogen denvauve. 

Suitable nitrogen containing heterocycles for use herein include monocyclic, bicyclicor 
,5 polycyclic. unsan^ted heterocycles conuining at leas, one ninogen heteroatom. When 
moLcyCic rtngs are used, they are preferably selected from unsaturated havmg 
from about 3 to about 7 ring a«.ms, especially 5 or 6 ring atom^ compnsmg from about 
1 ,„ about 3 nitrogen heteroatoms, preferably 2 or 3 nittogen heteroato.,^. When 
bicydic het^ocycles are used, they preferably comprise an unsawrated mfrogen 
.0 containing heterocycle having 3 to 7 ring atoms, p^ferably an "-""""^ 
conuining heterocycle havtag 5 or 6 ring aoms comprising 1 or 2 mtrogen atoms, ius^ 
,0 a 5 to 7 membenrf carbocyde preferably a 6.membered unsaturated carix>cycle. 
When bicydic he.e»cycles are used, the thio- and quaennzed nitrogen subsatuents are 
preferably attached to the nitrogen containing heterocyclic nng. 

" Prefened for use herein are 5 or 6 membered unsamrated nitrogen containing 
monocycUc hetetocycUc rings comprising 2 or 3 nitrogen heteroatotns or btcychc nngs 
containing a 5 or 6 membered unsamrated heterocyclic nng contauung 2 mttogen 
heteroatom ftised to a 6 membered unsaturated carbocyde. 

'° Examples of suitable heterocycles for use herein include, but are not necessarily limited 
to triazine, pyrimidine, quinoxaline, pyrimidioone. phthalarine. pyndazone and 

pyrazine. 

35 Preferred for use in the compounds herein are triazine, pyrimidine and quinoxaline. 
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Linking Moiety 



The compounds herein further comprise a linking moiety to link each nitrogen- 
containing heterocycle to each chromophore moiety. Any linking moieties suitable for 
use in dyeing substrates can be used in the present invention. Preferably the linking 
moiety is selected from NR, NRC=0, C(0)NR, NRSO2 and .SO2NR wherein R is H or 
C1-C4 alkyl which can be substituted by halogen, preferably Huorine or chlorine, 
hydroxyl, cyano, C1-C4 alkoxy, C2-C5 alkoxycarbonyl, carboxyl, sulfamoyl, sulfo or 
sulfate. When the heterocycle is a triazine or pyrimidine a preferred linking moiety is 
NR, preferably where R is H or C1-C4 alkyl, more preferably where R is H or CH3, 
especially H. When the heterocycle is quinoxaline or phthalazine, a preferred linking 
moiety is NRC=0, where R is H or C1-C4 alkyl, more preferably where R is H or CH3, 
especially H. 



Suitable thio-derivatives for use herein include, but are not necessarily limited to groups 
having the formula SR' wherein R' is selected from H or alkyl or preferably short chain 
alkyl (preferably less than about 6 carbon atoms), alkanol, alkyl carboxylate, 
alkylamide, alkylsulphonate, alkyl phosphonate, alkyl thiosulphonate, alkylamine, alkyl 
thiosulphate, aryl sulphonate, aryl carboxylate, aryl phosphate, aryl amine, cyanates, 
sulphonates, branched alkyl thio carboxylates, branched alkanol thiols, guanides, alkyl- 
a-amino-a-carboxylate, (di) thio alkyl esters of glycerol, alkyl thiol alkyl esters of 
glycerol, alkyl esters, mono thio diesters, thiol alkyl esters of ethylene glycol, alkyl thiol 
alkyl ester of ethylene glycol and alkyl thiolipoates. Preferably R is selected fix)m alkyl 
carboxylates and alkanols. 



Examples of suitable thio-derivatives include SR' groups where R' is selected from C 1 - 
C4 alkyl, (CH2)nC00H, (CH2)nCONH2, (CH2)nS03H, (CH2)nC00M, 
(CH2)nP03H, (CH2)nOH, (CH2)nSS03", (CH2)nNR"2. (CH2)nN"^R"3, PhSS03-, 
PhS03H, PhP03H, PhNR"2, PhN"^R"3, -CN, SO3', (CH2)2CH(SH)R"(CH2)3COOH, - 
CH2CHOHCH2SH, and 
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NH2 

/ 

H2C CH 

COOH 



HC COOH 



CH2 COOH 



C=CH 



COOHCOOH , 



CH3 



C COOH 



H 



OH 



C COOH 



CH3 
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H2C O C (CH2)„' 



CH O CO (CH2)„ SR" 

CHj 0 CO (CH2)n SR" 



H n^HjC) O C {CHzk 
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CHj O C (CH2)„ 

CH2 O CO (CHi)^ SH 



CH2 O C (CH2)„ 

CH2 0 CO (CH2)„ SR" 



CH2CH2CH CH2CH2CH2COOH 



SR" 



-CH2CH2NH2. 



n is an integer in the range of 1 to 4 wherein within the same molecule n is not 
necessarily the same integer; and M is a cation of alkaline earth metal, alkali metal, 
NH4 or NR^'s"^ and wherein R" is CI -C4 alkyl. 
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Preferred thio-denvatives for use herein have the formula SR' wherein R' is 
(CH2)nC00H, (CH2)nOH, and (COOH)CH2CH2(COOH), wherein n is an integer 

from I to 4. 

Especially preferred for use herein are thioglycolate (R' = CH2C00H) thioethanol (R'= 
(CH2)20H) and succinate (R'= (C00H)CH2CH2(C00H)), especially thioglycolate. 

Suitable quatemized nitrogen derivatives for use herein can be represented by Q+ 
wherein Q is selected from amines, saturated or unsaturated, substituted or unsubstituted 
nitrogen containing heterocycles having from about 3 to about 8 ring members and 
comprising at least one nitrogen heteroatom. Preferred substituents are carboxylates, 
amides, C1-C4 alkyl and alky I carboxylates. 



15 



Particularly preferred for use herein are Q groups selected from: 



NR"3, 



20 



N 




N 





COOH (nicotinate). 



25 



N 





COOH 
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N 




COOH 



N 




CONH- 



N 




CONH- 



N 




CONH- 



N 




CONH- 





COOH (isonicotinate). 
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N 




C0NH2 



N 



\ir (DABCO), 



N 



CH3 



N 



0 



I 

CH3 ^ 
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(CH3)2N-NH2; 

N(CH3)2CH2COOH (dimethylaminobetaine); 
5 N(CH3)2(CH2)nNH2 

N(CH3)2(CH2)nN'^R"3; 
N(CH3)2CH2CONH2; 

10 

wherein R" is C i -C4 alkyl and n is an integer of from 1 to 4. 

Particularly preferred quatemized nitrogen derivatives for use herein are nicotinate, 
diazabicyclooctane (DABCO), dimethylaminobetaine and isonicotinate, especially 
15 nicotinate. 



The quatemized nitrogen derivative is attached to the nitrogen-containing heterocycle 
via its tertiary nitrogen atom. 

20 Preferred reactive dye compounds of the present invention may be represented by the 
following formula (I): 




25 

wherein: D is a chromophore group as described hereinabove; 

L is a linking moiety as defined herein, preferably selected from NR, 
NRCO, NRS02, wherein R is as defined hereinabove; 



30 



35 



Z is a nitrogen containing heterocycle as defined hereinabove; 
SR' is a thio-derivative as described hereinabove, 
q"^ is a quatemized nitrogen derivative as described hereinabove, 
A is halogen, preferably chlorine or fluorine; 
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and salts and esters thereof. 

Other preferred reactive dye compounds of the presem invention can be represented by 
the formula (II): ^ 




wherein: 



Q+A- 



B .s a chromophore D as defined above, bifimctional chromophore or 
other organic radical suitable for use in place of a chromophore such as 
those taught in the art (see for example EP-A-0,735.107), provided that 
the reactive dye compound contains at least one chromophore group 
Suitable B groups included p-sulphatoethylsulphonyl benzene, vinyl 
sulphonyl benzene, chloroethylsulphonyl benzene, jS-s-thiosulphatoethyl 
sulphonyl benzene, di(ethylsulphonyl) chromophore 

L, Z, Q, A are as defined hereinabove; 
J is selected from S, O, NH 
K is selected fi-om Q , halogen 

L' is a linking group which can be any suitable biradical linking group 
suitable for use in dye compounds and is preferably selected from B 
wherein B is as defined above, C1.C4 alkyl, esters having the foimula 
(Al), diesters having the formula (Al), amides having the formula (Al), 
diamides having the formula (Al) wherein A is (CH2)o.2-(C(OH)o l' 

(CH2)M-(J-C(O))0,HCH2)0.2-(J-C(O)HCi-C4)-(C(O>J)- where j'is 
O, NH or S; 

C1-C4 dialkyl sulphides, C1-C4 dialkylsulphoxides. C1-C4 dialkyl 
sulphones. C 1 -C4 dialkyl carboxylates. or groups having the formula: 
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HS- 



C(0) 



C(0) 



(CH2)i- 



SH 



or 



HS (CH2),-4 C(0) 



\ 

/ 



C(0) 



(CH2),-4 SH 



Suitable examples of L' include succinate, diethyl sulphide, (i- 
sulphatoethylsulphonyl benzene, vinyl sulphonyl benzene, 
chloroethylsulphonyl benzene, ^-s-thiosulphatoethyl sulphonyl benzene, 
di(ethylsulphonyl) chromophore, ethyl, diethylsulphone, isopropanol. 

Another preferred reactive dye according to the present invention can be represented by 
compounds of the formula (III): 




Q+A- 



wherein: 



B, L, Z, Q, J, K and A are as defined above and L" is a linking group 
which can be any suitable triradical linking group suitable for use in dye 
compounds and is preferably selected from glycerol, diethylenetriamine 
and N,N',N" tripropanoylaminohexahydrotriazine provided that the 
reactive dye compound comprises at least one chromophore group. 



wo 99/51685 



16 



a 

PCT/US99/07293 



10 



15 



Another preferred reactive dye compound according to the present invention can be 
represented by compounds of the formula (IV): 



-A+Q 




wherein: each of D, L, Z, R', Q are as defined above; 

V and W are independently selected from NR, or SR" wherein R and R' 
are as defined hereinabove, Q , halogen. 

Another preferred reactive dye compound according to the present invention can be 
represented by compounds of the formula (V): 




wherein: each of B, Z, Q. A, R', L . V and W are as defined above, provided that 

reactive dye compound contains at least one chromophore group. 

In the above formulations it is to be noted that within each compound each of the 
defined groups may be the same or different. For example in formula IV one of the Z 
groups may be pyrimidine and the other Z group may be triazine. 
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The present invention furthermore relates to processes for the preparation of dyes 
herein. In general, dyes having the formula (I) can be prepared by reacting suitable 
precursors of the dye of formula (I) with one another, at least one of which contains a 
group D-L-Z, wherein D, L and Z are as defined above, at least one of which contains an 
R- group (wherein R' is as defined above) and at least one of which contains a Q group 
(wherein Q is as defined above). 

For example, dye compounds of the invention having a formula (I) wherein Z is a 
triazine heterocycle can be prepared by reacting one mole of dichlorotriazine dye, such 
as those commercially available from BASF under the tradename Procion (RTM), with 
a one mole of a suitable reactant containing an SR' group and then reacting the 
intermediate dye compounds obtained with one mole of a suitable reactant containing a 
Q group. 

Dye compounds of the invention having a formula (I) wherein Z is a pyrimidine 
heterocycle can be prepared by reacting a difluoromonochloro pyrimidine dye such as 
those commercially available from Clariant under the tradenames Drimalan F (RTM) 
and Drimarene R or K (RTM), or a trichloropyrimidine dye such as those commercially 
available from Clariant under the tradename Drimarene X, with a suitable reactant 
containing an SR' group and then reacting the intermediate dye obtained with a suitable 
reactant containing a Q group. 

Due to the assymmetric nature of the pyrimidine heterocycle, dye compounds of the 
invention having a formula (I) wherein Z is a pyrimidine heterocycle can also be 
prepared by reacting a difiuoromonochloropyrimidine dye such as those commercially 
available from Clariant under the tradenames Drimalan F (RTM) and Drimarene R or K 
(RTM) or a trichloropyrimidine dye such as those commercially available from Clanant 
under die tradename Drimarene X, with a suitable reactant containing a Q group and 
then reacting the intermediate dye obtained with a suitable reactant containing an SR' 

group. 

Dye compounds of the invention having a formula (I) wherein Z is a quinoxaline 
heterocycle can be prepared by reacting a dichloroquinoxaline dye such as those 
commercially available from Dystar under the tradename Levofix E (RTM), with a 
suitable reactant containing an SR' group and then reacting the intermediate dye 
obtained with a suitable reactant containing a Q group. 
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The reactions of the starting dye compounds with the reactant containing an SR- 
are generally carried out at a nH nf fr« u -, containing an SR group 

/ ucu oui ai a pH of from about 7 to about 10 and at « t»«,» . 

comJu^is In pwicotar. the «acao,Kof,he intermedial, dye 

ITT^ » ^ Q S^-P ^ generally earned ou. a. 

.en,pe,a„„e off™™ ^ 50-550 when Z i. Waz.„e and 75-85 C wh Jz is pylile 

m 

bTl'ilt"!"' T"''"' '-"^ fo™"^ (') can be prepared 

by reactmg Ae sprung dye compounds firs, with a suilable reaean. conwl/ a O 

group and d.en reacUng tt. ,„«nnedia« dye obtained wid, a sI^Z^, 
»«.a,n,„g an SR' group. In dus ease. d« reactions of d,c sorting dyeTotlTTu, 

t T"' ""■^""^ ' « carried ou. a. a pH of fom^u. 7l 

a^u. 6 a^i a. a .n,pcra„„ „f „ 50C.' Jlltlf ^ 

mtenne^are dye compounds wid, .he reacan, c^ruining d,e SR' group are "n^^v 
aZ tc " ^ o"^™ ^ •« »d a temperarure r Jm ^ 



20 In general dyes having the fonnulae (II) - m can hp n«.n»««i K 

cHemisn, as for dyes of fom-uia <„ b/reir^tSXr^n 
as exemplified below in Examples 10 to 14. materials, and 
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Z^ ZT;^'T P*^ a ^de variery of 

subsuaas such as srllc, leather, w«>l. p„iya„^^, ^, g,^ polyuretlles 

ke.,m fi^ such as hair, and in particular ceMosic materUis. s.^ 

cellulose fibres, cotton, linen, hemp and d« like, paper. »d ds^ cellurseTjt^ 

eTTtf '''"'^y'-'^^^ fbJ^ontained n b^" t 

example blends of cotton with polyester or polyamide fibres. 

TKe dye compounds of dre presem invention canbeappliedand fixed toth.substra.ein 

irg~ *e : 

pnnung pastes. TTms according to the present invention there is provided a dye 
^mposmon comprising one or more of dte dye «,mpounds described hJ^^^e^ 
«ith any camer material suitable for use in a dye composition. 
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Preferred dye compositions herein comprise an acidic buffer material. Any acidic buffer 
suitable for use iiv dye compositions can be used herein. An example of a suitable buffer 
is a mixed phosphate buffer. 

5 When the dye composition herein is in the form of a paste a prefened ingredient is a 
thickening agent. Any suitable thickening agents suitable for use in dye compositions 
can be used herein. 

When the dye composition is in the form of an aqueous solution or aqueous gel/paste, 
10 the dye composition preferably has a pH of about 5 or less, preferably from about 2 to 
about 3 . 

When the dye composition is being used for dyeing hair, the composition can comprise 
one or more of the compounds described herein either alone or in admixture with other 
15 well known hair dye compounds such as oxidative dyes, direct dyes, and the like. 

The dyeing and printing processes which can be used with the dyes herein are 
conventional processes which are well known and which have been widely described m 
the technical and patent literature. The dye compounds herein are suitable for dyeing 

20 both by the exhaust method (long liquor) and also by the pad-dyeing method, whereby 
the goods are impregnated with aqueous, salt-containing or salt-free dye solutions and 
the dye is fixed after an alkali treatment or in the presence of alkali, if appropriate with 
the application of heat. The dye compounds herein are also suitable for the cold pad- 
batch method, after which the dye together with the alkali is applied to the pad-mangle 

25 and then fixed by several hours of storage at room temperature. After fixing, the 
dyeings or prints are thoroughly rinsed with cold and hot water, if appropriate with the 
addition of an agent acting as a dispersant and promoting the diffiision of the non-fixed 
portions. 

30 Thus in accordance with another aspect of the present invention there is provided a use 
of the reactive dyes of the present invention for dyeing and printing substrates such as 
cotton, wool, nylon, silk, keratin, leather, paper and the like. The compounds herem can 
be used in methods of dyeing all of the substrates listed above by applying an aqueous 
solution of one or more of the reactive dyes of the present invention to the substrate to 

35 be dyed under suitable conditions of pH and temperature. 
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The following .x»,p|« serve „ ilte u,e compound, ^ 

present invention. p^^uiuns or me 



-The staning con>pou„as and con,po„«B given in d„ examples below can be used 
the foim of the free acid or in the form of their salts. 



in 



Examples 
Example 1 

TTk « con^sts of two parts, d„ first pan for u,e pn^paration of mom^hloro- 
monothrog ycolau, tnazine and ihe second par. for fte p,epa,a,i«, „f 
monothioglycolatomonomcoUnyl rtazi« as shown i„ d,e ,«^„„ ^^^^ 
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D HN 




D HN 

thioglycolic acid 



N^^sjjj^^N o-5°C, pH7.5-8 



CI 




CI 



SCH2COOH 



N +C1 



50-55X 
pH5-5.5 



COO- 




\ 
/ 
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15 



D HN 




SCH2COOH 



Diagram 1 
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In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example a variety of Procion (RTM) dyes commercially available 
from BASF were used as starting materials, in particular, Procion Red MX-8B, Procion 
Yellow MX-8G and Procion Blue MX-2G. 

Synthesis of mnnnchlorom nnothioelvcolato triazine dye 

The first part of the synthesis is to obtain monochloro-monothioglycolato triazine. An 
aqueous dye solution (O.lmol/lOOml, pH 7.5) of a purified Procion (RTM) 
dichlorotriazine dye is prepared. To this solution, a O.lmol solution of Mercaptoacetic 
acid is added by slow dripping at a temperature of between 0 and 5»C. After the 
addition of mercaptoacetic acid, the pH of the system is adjusted to 8 using sodium 
carbonate and HCl. The reaction is then allowed to proceed, at 0~5°C and pH8, for 5-8 
hours. For each individual dye, the required reaction time is different (7-8 hours for 
Procion Red MX-8B, -6 hours for Procion Yellow MX-8G and -5 hours for Procion 
Blue MX-2G). During the synthesis, a rapid pH drop is observed. The end-of-reaction 
point for this part of the synthesis, is indicated by the pH of the reaction system 
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remaining constant for more than 5 minutes. At this point, the dye monochloro- 
monothioglycolato triazine is obtained. At the end of the synthesis, the pH of the 
system .s reduced to below pH 2. The solid monochloromonoth.oglycolato triazine dye 
compounds is then obtained following precipitation and filtration. 

Synthesis of Monothinp lyrnl atomonnnirnHnyl tria^inPriY ^ 

In the second part of the synthesis, the monochloro-monothioglycolato triazine obtained 
fi-om the first part of the synthesis is reacted with nicotinic acid. An stoichiometric 
excess of an aqueous solution of nicotinic acid (pH5~5.5) is added to an aqueous 
solution of monochloromonothioglycolato triazine dye solution. The temperature of the 
reaction system is then raised to 50~55«>C and the pH adjusted to 5-5.5. The reaction is 
allowed to proceed, under these conditions, for a period of time. Again, a rapid drop in 
pH of the synthesis system is observed. The end-of-reaction point is, again, indicated 
by the stabilisation of the pH for more than 5 minutes. For each individual dye the 
required reaction time is different (4-5 hours for Procion Red MX-8B, -3 hours for 
Procion Yellow MX-8G and 2-2.5 hours for Procion Blue MX-2G). At this poim the 
monothioglycolatomononicotinyl triazine dye is obtained. 

At the end of the synthesis, the reaction system is immediately cooled to below 5«C and 
its pH reduced below 2. in order to prevem the hydrolysis of 
monothioglycolatomononicotinyl triazine dye. The solid 

monothioglycolatomononicotinyl triazine dye is then obtained following precipitation 
and filtration. 

The solid monothioglycolatomononicotinyl triazine dye obtained is rinsed witii acetone 
4-5 tunes to ensure they are free of water and then stored at 0-5«C. 

Example 2 

Synthesis of monothinplyr olatomonnisnnicotinY l tria^n^ A, 

The monothioglycolatomonoisonicotinyl traizine dye is prepared using the synthesis 
route illustrated in Diagram 2. 
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D HN 



N 



.CI 



D HN' 

thioglycolic acid 



N 



N<5;>^^N 0-5''C. pH7.5.8 



CI 



CI 



SO-SS'^C 
PH5-5.5 



1 ' 



.SCH2COOH 



N +cr 




coo- 



\ 
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15 



D HN- 



N. 



.SCH2COOH 




coo- 



Diagram 2 



cr 
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In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example Procion (RTM) Red MX-8B is used as a starting 
material. The Procion Red MX-8B in this example can be substituted by other 
dichlorotriazine dyes such as Procion (RTM) Yellow MX-SG or Procion Blue MX-2G. 

The synthesis consists of two parts, the first part for the preparation of 
monochloromonothioglycolatotriazine dye and the second part for the preparation of 
monothioglycolatomonoisonicotinyl triazine dye. 

Synthesis of monochlor nmnnothioglY'^"'^*" triazine dve 
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The preparation of monochloromonothioglycolato triazine dye is carried out in the same 
manner and usmg the same Procion starting dyes as described in Example I above. 

Synthesis of monothin^lvrnl gtomonni^nnirAtinvl triayinP Hy p 

In the second part of the synthesis, the monochloromonothioglycolato triazine dye 
oblamed from the first part of the synthesis is reacted with iso-nicotinic acid 0 01 
moles of the monochloromonothioglycolato triazine dye obtained from the first part of 
the synthesis is introduced to a flask containing distilled water together with 0.04 moles 
of isomcotmic acid. The temperature of the reaction system is then raised to 55X and 
the pH adjusted to 5.5. The reaction is allowed to proceed under these conditions for 30 
mmutes. Again, a rapid drop in pH of the synthesis system is observed which is 
adjusted back up to pH 5.5 using buffering agents. The endpoim of the reaction is 
md.cated by the stabilisation of the pH for more than 5 minutes. The conditions of 
precipitation, filtration and acetone washing are the same as for the compound prepared 
in Example 1 . The yield is over 85%. 

Example 3 



Synthesis of MonothioglvcnIatn monodiaTahirY rl ooctane tri^^^m^ Ay ^ 

The monothioglycolatomonodiazabicyclooctane triazine dye is prepared using the 
synthesis route as illustrated in Diagram 3. 
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0 HN" 



D HN- 

thioglycolic acid 



^SCH2C00H 



N<::>;jj^N o-5°C, pH7.5-8 



CI 



CI 



55X 
pH5J 



N 



N 



\ 
I 



D HN' 



^SCH2C00H 




cr 



N 



\ 

./ 



Diagram 3 

In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example Procion (RTM) Red MX-8B is used as the starting 
material. 

The synthesis consists of two parts, the first part for the preparation of 
monochloromonothioglycolatotriazine dye and the second part for the preparation of 
monothioglycolatomonoDABCO triazine dye. The preparation of 

monochlorothioglycolaiotriazine is carried out in the same manner as described in 
Example 1 above. 

In the second part of the synthesis, monochloromonothioglycolato triazine dye obtained 
from the first part of the synthesis is reacted with diazabicyclooctane (DABCO). 0.01 
moles of the monochloromonothioglycolato triazine dye is placed in a fiask together 
with 0.03 moles of DABCO in distilled water. The temperature of the resulting solution 
is then raised to 55°C and the pH adjusted to 5.5. The reaction is allowed to proceed 
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under these conditions for 15 minutes. Again, a rapid drop in pH of the synthesis 
system is obseived which can be adjusted using buffering agents. The end-point of the 
reaction is again indicated by the stabilisation of the pH for more than 5 minutes The 
conditions of precipitation, filtration and acetone washing are the same as for Example 1 
above. The yield is over 85%. 

Example 4 

Synthesis of monothioglvcolatomonndimPthv | aminobetainP tri^^^inA 

The monothioglycolatomonodimethylaminobetaine triazine dye is prepared using the 
synthesis route as illustrated in Diagram 4. 
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D HN 




.CI 



thioglycoiic^id 



0-5<*C. PH7.5.8 



Ct 




N 



N 



Y 



SCH2COOH 




CI 



pH5. 



• I CH2COO- 

CH3 



\ 
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0 HN 




SCHjCOOH 



Diagram 4 



CH2C00- 
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In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example Procion (RTM) Red MX-SB was used as the starting 
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material, but other suiuble dichlorotriazine dye compounds can also be used as starting 
materials such as Procion (RTM) Yellow MX-8G and Procion (RTM) Blue MX-2G. 

The synthesis consists of two parts, the first part for the preparation of 
monochloromonothioglycolatotriazine dye and the second part for the preparation of 
monothioglycolatomonodimethylaminobetaine triazine dye. The preparation of 
monochlorothioglycolatotriazine is carried out in the same manner as described in 

Example 1 above. 

In the second part of the synthesis, monochloromonothioglycolato triazine dye obtained 
from the first part of the synthesis was reacted in aqueous solution with 
dimethylaminobetaine. O.Oi moles of monochloromonothioglycolato triazine dye is 
placed in a flask together with 0.03 moles of dimethylaminobetaine and distilled water. 
The temperature of the reaction system is then raised to 55°C and the pH adjusted to 5.5. 
,5 The reaction is allowed to proceed under these conditions for 10 to 15 minutes. A rapid 
drop in the pH of the synthesis system is observed which can be brought back up to pH 
5 5 by using buffering agents. The endpoint of the reaction is indicated by the 
stabilisation of the pH for more than 5 minutes. The conditions of precipitation, 
filtration, and acetone washing are the same as for example 1 above. The yield is over 
20 85%. 

Example 5 

Q yr.th^^\<, mnnothiof T^hannlmononiffltinvl triazine dye 

The monothioethanolmononicotinyl triazine dye is prepared using the synthesis route as 
illustrated in Diagram S. 
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thioethanol 



pH 7-7,5. 0-5°C 




CI 



55°C 
pH 5. 



5.5 



SCH2CH2OH 





COO- 
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SCH2CH2OH 



Diagrams 
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In the reaction scheme D is a chromophore and varies depending on which starting dye 
IS used In the present example Procion (RTM) Red MX-8G is used as the starting 
matena , but other suitable dichlorotriazine dye compounds can also be used as starting 
materials such as Procion Yellow MX-8G and Procion Blue MX-2G. 

The synthesis consists of two parts, the first part for the preparation of 
monochloromonothioethanol triazine dye and the second part for the preparation of 
monothioglycolatomonodimethylaminobetaine triazine dye. 

Synthesis of Monochlnmn ionothinefhanol triazino 

0. 1 mole of Procion Red MK-SG dye is dissolved in distilled water and added to a flask 
The flask .s placed in an ice-water bath. 0.1 moles of thioethanol is then added drop^ 
M^se to the reaction mixture under stimng. The total addition time is one hour. ThepH 
of the reaction scheme is maintained at pH 7-7.5 and the temperature of the reaction 
system 0-5T during addition of thioethanol. Th, reaction is then allowed to proceed at 
u-5 C and pH 7.5.8 (which is corrected using sodium carbonate and HCl) for 5 hours 
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e.po. . .e ..on . " ^^^^^ ^ 
minutes. M th. pomt, the -noc— ^^^^^ .acuo. 
6,. HCl, the pH of the system - then r^d^c^ ^^^^^ i„ order to 

KCl (35% of the total solution) .s then addea ^^^^^^^^^ 

■ le the dye Filtration using Whatman filter paper t ^^^^.^ 
precipitate the dye. ^^^^^^^ ^sed each tim ; 

then washed with acetone for 4-5 times ^ 

final dye product. 



tUc«a 0.3 mole, of "i-"-;-^" J^:, „ 5-5.5. The reac^on U a«ow. 

,^ pro«e<l under to condiuons tor 30 m»u«s. g ,^ 
'leh can be adjusted using ^^^l^^^^^^ 5 minu-- The conditions 0 

,.ca.ed by -he — ^ ^ san,e as above in ^ f.. pa« of *= 

precipitation, filtration and acetone 

synthesis. The yield is over 85%. 
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temosonicotiniL^^ 



SvnthesiLoIJSSa^^ 



The monothiosuccinatemononicotinyl triazine dye is 
as illustrated in Diagram 6. 



prepared using the synthesis route 
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Jhiosuccinic acid 
PH 7.5, 0-5T 
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PH 5.fe. 5 




COO- 
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Diagram 6 
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COO. 



In the reaction scheme D is a chrnm. k 

"""""S via lis sulphur 

synteis cousisB of nvo v 
'°°"°^'«»»'»"icoM«a^;, "' P" for *. p,^„„ ; 

Ol moles of pure P,«:io„Rjjwv._. . 

'moles of toosu«i„ic«idi,^^„^ 
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• , , S hours The pH of the reaction system 
dropwise wUh st.rrmg. The additior. timers _ ^ ^.^ 

Jamtamed at pH7.5ar.d the temperature of the re 

the addition of thiosuccmic acid. 

^ «t 0 5°C and pH7.5-8 (which was corrected 

The reaction is then allowed t° Pro.e^^^^^^ ,,,,,on for this part 

sodium carbonate and HCl) for 6 ho^^^^^^^^ ^^^^^^ ,or 

of the synthesis is indicated by the pH fj"^ ,^^^^^^^^ triazme dye 

.ore than 5 minutes. At this ^^^^^^^^^^^^^^ , educed to below pH 2 to 

, obtained. Usmg 6N HO f^;^^^^^^^^ . .hen added to reaction 

terminate the reaction. ^Cl(35/oof t .^^ Whatman paper follows The 

time) to obtain the final dye product. 
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• „imin£ dye oblaiiwl ft»m ths first 

0.01 moles of the ^ono^^^^-ono^Z^^^^^ « «^ "-"^ 
part of the synthesis is introduced to a fl^k o^^ 5o»C and 

Ld distilled water. T^e temperature of th^ e^U y ^^^^ ^^^^^ 

the pH adiusted to 5-5.5. ^-^^"^^t of^ synthesis system is observed^ 
15-20 minutes. Again a raptd ^^^^^^^^^^^^^ of the pH for more than 5 

The endpoint of the reaction is mdic^ed by *e s ^^^^^ ^^^^ ^ 
minutes. The conditionsofprecipiUUon,filtraUon 

for Example 1. The yield is over 85/.. 

. r-.««« I, ill! nirntry'-* 



9 nicotinvl pyrimidine dye is prepared 
The mono5-chloromono4.thioglycolatornono« Py 
Igthesynthesisrouteasilh^tratedinDiagramV. 
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N +f. 



SCHjCOOH 



COO- 




COO- 



SCHjCOOH 



Diagram 7 
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In the reaction scheme D is a chromophore and ■ 

from danant is used as starting materi I „ '^^^ ^^'^^''^aliy available 

substituted for any suitable diL^"^^^^^' ^^^-^ Red PB be 
co~y available under the " ~^ ^ ^^se 

P-cu,..OrimalanRedFB.DHmala„V^^^^ and Orimarene dyes, in 

F-B. Dnmaian Yellow F-3GL. Drimalan B J p B ^"^^^^^ Blue 

Dnma^ne Blue R.GL, Drimarene Brill Red R^R wT" ""^^'^ ^^-^21^ 
th^oglycolato moiety is attached to the^^^" ^"'""^ ^ed K-4BL. 

•»= nng via Ms sulphur atom. 

Tl>= synlhesis coraias of two wm ,h, r 
01 moles of Drimalan Red F-B dye a™) h .„ . 

««k.s«.«p,ae.dioa„lee.™.^Lt:7^»--,n.™d„edl„toa «as.. ^ 

S liie total addiuontmie is 1.1.5 hours. 
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• J ot «H Q 8- 1 0 and at a temperature of O-S^C 
The pH of the reaction mmure is mamtained at pH 9.8 
throughout the addition of mercaptoacetic acid. 

A ,t S°C and pH 9.8-10 (which is corrected using 
,„di»m carbonau and HO) for 15 ho ^ ^ 

5 ™„u»s. A, U,is <»-^ -^' '^^ ^3„„ , reduced below pH2 » 

a,e is ob^ined. Us»g «l«e3^;^',';l:Jso,uuon) is to added . *e reacuo- 
^,e Ae reae„«n. KO t:35 ^^^^ 

™.™e in order precpru^e *edy^ ^ each 

The precipiure is to "-'•;;,'^X:.„„^4.^^^^^^^^^^ 
time) to obtain the mono.5-chloro-2 tiuoro 



■y flm,ro-l-thioglycoWo pyrimidine dye prepared 
„., „o,es of *e ^-^--^'-'IT^^^r^ild wa»r »gto ^ 0.3 n».es of 
in the firs, par. of the syndesis .s "h^'™^ ,y3„^ is to raised to 80 ± 1 

^.oUnieacidina "^"f ^::rt to proceed under dtese 
"C and die pH adjusted to 5.5. ^^^^^j, ,yae„ ,s 

conditions for 1-4 hours. Agatn a rap,d ch^ ^^^^^ ^ ^j, 
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• Hve is oreoared using the synthesis 
.nicotinvl-2-thioglycolato pynmidine dye is prep 



The 5-chloro-4-nicotinyl 
route as illustrated in Diagram 8 
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in the reaction scheme D * u 

BnU Red 4-KBL is used as ihe sonins n»»ri», r^ 

f" ^ variety of oft., suU.C2^ ^ R«i F8 can be s„tai,«ed 

R. DniM|a„ Blue FO, Drimalan Blue F B iL , ^ * F- 
F-B, Dri^a^e Golden VeUow r^"r "Ot- W™ia. Black 

R-8B. 1„ above ^ sch»!'d^r:i" f " 
via its sulphur atom. *'°8'J'«'l«o ■"oiel, is anached ,0 ihe ring 

symhesis consisls of Hvo ,,„ „ 
-"■inyl-2.d^og,yco,a,o py^J^^^ "^"^ '-P^on of 5.hlo«M. 



Svntlie^f 5-chlnr/wl_«; • _ . ^ 
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•u c A KJIEL dye and distilled water are introduced 
0.1 moles of pure Drimarene Bnll Red K y 

intoa flas.. 0.1 ..^^^^^ ThepHof 

under stirring, from a dripping ^f '^^'l'^^^^^ of the reaction system 

the reaction system is maintamed at pH 5-5 5 and tn 
t^XJughouttheadditionofnicotimcac^ 

«t 4(M5<'C and pH5-5.5 (which is corrected 
.action is then aUowed . P^^^^^ ^0 ^^^^^^^^^^^^^ ^^^^ 
sodiiun carbonate and HCl) tor 3 ^^^^.^.^^ for 

. is indicated by the pH of the reaction y 



The reaction 
using 
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of ^ sy„*es.s is indica«d by P" ™ ^.„.^^y,.j.fl„„,o pyrimite *= - 
„„„ Uu„ 5 ™n»«s. A, P0,«, >'«^";^ , „ Wow pH 2 ■» 

obui^d. using HCU *e PH of ^^^^^^^ ^ ^ ^.„„ 

SynthesisofS^ 

• ;^;n.» rfve obtained from the tirst 

„.. „o>« or --—r^rjr^r^ - a nas.. 0.. »ou 

pan of *= synAesis and 150ml ^^/^"^ „ ^ ^^on mix.ure wi* stinu* 
of „«ap.oac«ic acid was to adW ^,„„ ^Hem. is « 

Th. „«1 addiuo. to= was 1-1 ™ 5o-55°C tougl^u. *e addiUon of 

pH 5-5.5 and te tempetanm of llK reaction sy 



25 mercaptoacetic acid 
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A 50-5S°C and pH 5-5.5 (which U corrected 
The reaction is the. '^^^^^^'j:,^^. The end-of-reaction point for this 
^i„g soditm cartonate and HCl) for 3 for 
part of the synthesis is indicated by the "'f ,.j.a,„B,ycolato pyrimidine dye 
Lre than 5 tninutes. A. this potnt. "^"J ^ „ hclow pH 2 to 

, obui^d. U.„. HCl. 2 PH f *e_^^^^^^^^ u then ad« .» the 
terminate the reaction. KCI (-35 /• ^ ^.^^^^ p^p,, follows. 

fixture in order to P-P^-^« f^.^^:^^^^^^^^^^ (.50ml of acetone used each 
The precipitate is then washed with acetone for 



35 



time) to obtain the final dye product 
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-Umoxalinp Wvf. 



The 



n.cotmylthioglycolato qui„o,aJine dye is ore h 

•llustrated in Diagram 9. ^ " ^''^'"'^ the synthesis route as 

The synthesis consists of two parts th. r 

monothiogiycolato quinoxaline dye and thl "^^P^^^-n of 




thiogiycolic acid 




SCHjCOOH 



nicotinic acid 




COO- 



SCH2COOH 



Diagram 9 
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. nhore and »ari=s depending on which suning dye 
,„ ^ ,e«ion scheme D ,s a ^^'"^^ , g-O co™.e.ia.ly available fam 
used, in .he P-=« ^'^^ ^ „p,aced by any suiuble qmnoxahne 



E-2R. 



10 



. r Moelb E-G dye and distilled water are introduced into a 



addition of mercaploacetic acid 



. in is'C and oH 9 (which is coneded using 
The «ac«on is to a«o«ed proc«d a. ^ ^ ^ pa„ of ihe 
«dium carbonaie and HCl) for 4- ^ * " cons»t tor more .han 

,„d,es. is indica^d by ^^^'^J^^^Z^^^ - ob«ined. Using ^ HC. 
5 minutes. At thto pomt, *'08lj'»l^'° " ^ a« reacnon. KCl (= 

» the pH of ,h« sys.«n is J"^ „,u,„re in order to p«cip,m= ^ 

35% of the total solution) is palpitate is then »ashed «ith 

acetone for 4-5 tunes c_3urni 
25 SvntbgSiiofjUCO^ 

- «f the svnthesis and 0.3 moles of 
0 , moles of the dye obtained f*om the first ,««^^f 

nicotinic acid arc dissolved in ^ 

is then raised ,0 and '^^'^ ^ „f ^ pH of the 

30 to proceed „».er these condtuons^ ^ a« 

synthesis system is observed. Tl>= ^ ""^ The condidons of precip.iat.on, 

filtration and acetone wasmng 
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The dye denoted by lOC nr^ . 

^ 'OC . ^ ^ ^^^^^^^ 
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0 C{0)CH2SH 



(lOA) 



D HN 




n 

SCH2-C0-0 0-C0-CH2-S 



-fa 



NHD 




CI 



CI 



(lOB) 



D HN 




n 

SCH2-COO O-CO-CHrS 



NHD 



N 





OOC 




(IOC) 
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Diagram 10 



"^"^'"^ D - a ch™,„„ph„„ ami varies deoend" 

' BASF is used a s«„, „«,X, bu, , l"'"^ 

as P,«i„„ Y.,„, ^ ^ M=»«< by any suluWe .iazine dye 



Synthesis nf I (ID 



0.2 moles of Procion Red MX-8B dye is dissolve i 

of ethylene glycoi-bis-thioglycolate by ^Zg o ^r^^^^ '^^^^^^ ^'^ «> -ies 
(additions of NaHC03 as required) for 6 hours ( or un.,^ Z 7"'""'"' ' ' 

product of this reaction is compound lOB. ^°"^^')- ""le 



SvnthesisoflOC 



~ °^ - « ,„ . ...... 
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nicotinic acid 

1' 



D-HN 




COO- 



] 



SCH2-CO-0 0-CO-CH2.S. 




SO2 OSO,- 



COO' 



(IID) 

Diagram 1 1 

BASF is used a s>ani^ „a«na. bu, Us ^ .T™""^'' 

such as P^cion Y^u^ mX-SG and P ^ 

«n,p«au« is 0-5X and is n-aitlint^ ar* f "'"""""S'^"'^- TV soM„, 

in»»edi«.d,c„Aisf„™edw,^lp';;:'*^°'^^'™ 1^ 

^''^'^Z.^TjLr^::^^'^ is prepaid and 

a con,p<„,„d l,avi.g ^ f„™„,. (, IB^ " *™ ^ -OU^ «.luUon ■„ give 

01 mole of compomd IIB is d,«, slowly added ,„ » 

.mennediatt dye 1 1 A, mainlining PH a, 7 a^ '° " '^'^ ^'^"n of .he 
PH is sBbilized (5^ ho«,. d» J^^! , « "-^-C. When d,e 
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(1 IC) is then reacted with 0.3 moles of nicotinic acid at pH 5-5.5 at 50-55°C for 5 hours 
or until the pH remains constant to produce the final dye compound 11 D. 

Example 12 

Synthesis of 12C 



The synthesis takes place according to the following reaction mechanism: 



PCTA.S99/07293 





(12B) 

SO2CH2CH2OSO3- 
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nicotinic acid 




SCH2CH2NH 



COO" 




S02CH2CH20S03- 



(12C) 



Diagram 12 



In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example, Procion Yellow MX-8G commercially available from 
BASF is used a starting material but this can be replaced by any suitable triazine dye 
such as Procion Red MX-8B and Procion Blue MX-2G. 



An aqueous solution of Procion Yellow MX-8G (0.1 mole) is slowly added to an 
aqueous solution of 0.1 cystamine at pH6 and O-S^'C. The pH is maintained at pH 6 by 
the addition of NaHC03. After 4 hours the pH stabilizes and the reaction is complete. 
Dye intemiediate 12A is obtained. 
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0.1 moles of compound 1 IB prepared in example 1 1 is then slowly added to 0.1 moles 
of aqueous solution of dye 12A at 30^C and pH7. After 2 hours the pH stabilizes. 
Quatemization of the resulting product 12B is then carried out by reaction at 50*^C and 
pH 5 with 0.3 moles of nicotinic acid. The reaction is complete when the pH has 
stabilized. The final dye 12C is isolated by cooling to 5^C and filtered off. 

Example 13 

Synthesis of Compound 13B 

The dye compound 1 3B is synthesised according to the reaction mechanism below. 



685 
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HSCH2CH2NH2 



CI 




(13A) 
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nicotinic acid 




COO 



Diagram 13 

5 

In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example, Procion Yellow MX-8G commercially available from 
BASF is used a starting material but this can be replaced by any suitable triazine dye 
such as Procion Red MX-8B and Procion Blue MX-2G. 



10 
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0.1 moles of cyanuric chloride in acetone was slowly added over 30 minutes to 0.1 
moles of compound 12B in aqueous solution at O-S'^C at pH7. When the pH stabilised 
the reaction was complete and compound 13A was obtained. 

5 0.1 moles of compound 13A was dissolved in water and added to aqueous solution of p- 
phenylene diamine (0.05 moles) while maintaining the pH and 6 and temperature at 
30°C. After 30 minutes the pH stabilizes and compound 13B is obtained. 

0.5 moles of nicotinic acid is then added to an aqueous solution of compound 13B. The 
10 pH was maintained at 5 and the temperature at 50°C. After 4 hours the pH was judged 
to be stabilized and compound 13C was obtained. 

Example 14 

15 Compound 14B is prepared by the reaction mechanism below. 
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N 



D HN 




SCH2CH2NH2 



N (12A) 



CI 




D HN 




SCH2CH2NH ^ 



N 



NH D' 



N 



CI 



N 




N 



CI 



(14A) 



nicotinic acid 



D HN 




N 



SCH2CH2NH 





(14B) 



COO' 



Diagram 14 
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In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example, Procion Yellow MX-8G commercially available from 
BASF is used a starting material but this can be replaced by any suitable triazine dye 
such as Procion Red MX-SB and Procion Blue MX-2G. In the reaction scheme D* is a 
chromophore and varies depending on which starting dye is used. In the present 
example, Procion Red MX-8B was used but this can be replaced by any suitable triazine 
dye. 

0.1 moles of Compound 12A is reacted with 0.1 moles of Procion Red MX-8B at pH 7 
and SO^'C for 2 hours. The pH is maintained at 7 by the addition of NaHC03. 
Compound 1 4A is obtained. 

0.1 moles of Compound 14A is then reacted with 0.2 moles of nicotinic acid at SO'^C 
and pH5 for 2 hours. When the pH stabilizes compound 14B is produced. 

The compounds prepared according to Examples 1 to 14 all have high Exhaustion 
Values, high Fixation Values, particularly on cellulosic substrates such as cotton, and 
show significant improvements in terms of reducing spent dyestuff in effluent, 
increasing dye affinity to the substrate, increasing the dye-substrate covalent bonding, 
increasesing the ability to dye substrates at room temperature, decreasing the amount of 
dye that is removed during the post dyeing "soaping off process" and therefore 
simplying the post dyeing "soaping off process" traditionally associated with dyeing 
cotton with fibre reactive dyes and reduction of staining of adjacent white fabrics. In 
addition, the compounds prepared above provide more intense dyeings and require less 
levels of salt for dyeing cotton substrates. These advantages can be demonstrated by the 
following Examples 15 and 16. 

Example 15 

All dye compounds prepared according to Examples 1 to 14 can be used to dye cotton 
using the dyeing procedures detailed below. After the cotton dyeing procedure has been 
carried out a soaping-ofF process can also be carried out on the cotton fibre. 

Cotton dveing procedure 



« 
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An aqueous dye solution is prepared containing a dye compound according to any of 
Examples 1 to 14. The dye solution contains 1.2% on mass of fibre of dye, 80g/L 
Na2S04 and 5% on mass of fibre of sodium acetate. The cotton fabrics are soaked in 
water and then the cotton fabrics are dyed in the above dye-bath at pH 7 at 25 for 30 
5 minutes. The dyed cotton fabric is then fixed in the dye-bath at pH 11.5 with addition 
of 30g/L of sodium formate and 5g/L Na2C03 and dyeing continued at 25°C for 30 
minutes. The dyed fabric is rinsed with water. 

In the above dyeing procedure the dye bath for each dye compound is almost totally 
10 exhausted, indicating that the compounds prepared according to Examples 1 to 14 each 
have a high Exhaustion Value. 

Soapine-off process 

1 5 A soaping off process can then be carried out by washing the dyed fabrics with an 
aqueous solution of Sandozine NIE (2g/L) at 100°C for 30 minutes. 

In the above soaping-off process hardly any colour was removed from the fabric 
indicating that the compounds prepared according to Examples 1 to 14 each have a high 
20 degree of dye -fibre covalent bonding and a high Fixation Value. 

Co3 antemational Standards Organisation) Wash Fastness Test 

The dyed fabrics are washed with an aqueous solution containing ECE Reference 
25 Detergent (5g/ml) and sodium carbonate (2g/ml) at 60''C for 30 minutes. 

In the above wash fastness test, no noticeable colour was removed from the cotton fibre 
and no staining of the white adjacent fibres occurred (using Multiple Fibre adjacent strip 
supplied by SDC Bradford). 

30 

Example 16 

All dye compounds prepared according to Examples 1 to 14 can be used to dye nylon or 
wool using the dyeing procedures detailed below. After the nylon/wool dyeing 
35 procedure has been carried out a wash-test procedure can be carried out on the dyed 
fabric to test the wash-fastness of the dye compounds. 



Wool/Nvlon Dveing Procedure 
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The wool/nylon fabric is soaked in a 2% Alcopol-O (40% w/w sodium-d- 
isooctylsulphate succinate -commercially available from Allied Colloids) solution. The 
fabric is then dyed for I hour at lOO'^C and pH 3.5 in a dye-bath containing the 
5 following compositions: 1.2% on mass of fibre of dye prepared according to any of 
Examples 1 to 14, 5% on mass of fibre of sodium acetate, 1% Albegal B (commercially 
available from Ciba Geigy). The dyed wool/nylon fabric was then rinsed with water. 

In the above procedure intense dyeings are provided for each of the compounds 
10 prepared according to Examples 1 to 14. 

Co2 aSO) Wash Fastness Test Procedure for Wool/Nvlon Fabrics 

The dyed wool/nylon fabric is washed in an aqueous solution containing 5g/L of ECE 
15 Reference Detergent (commercially available from Society of Dyers and Colourists, 
Bradford, UK) at 50*^0 for 45 minutes. 

In the above wash fastness test, no noticeable colour was removed from the wool fibre 
and no staining of the white adjacent fibres occurred ((using Multiple Fibre adjacent 
20 strip supplied by SDC Bradford). 
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WHAT IS CLAIMED IS: 

1 . A reactive dye compound comprising: 

(a) at least one chromophore moiety 

(b) at least one nitrogen-containing heterocycle 

(c) a linking group to link each chromophore moiety to each nitrogen- 
containing heterocycle; 

characterised in that at least one nitrogen-containing heterocycle is substituted 
with at least one thio-derivative and at least one quatemized nitrogen derivative. 

2. A reactive dye compound according to Claim 1 wherein the nitrogen-containing 
heterocycle is selected from triazine, pyrimidine, quinoxaiine, phthalazine, 
pyridazone, pyrazine. 

3. A reactive dye compound according to Claim 1 or 2 wherein the nitrogen- 
containing heterocycle is selected from triazine, pyrimidine or quinoxaiine. 

4. A reactive dye compoimd according to any of Claims 1 to 3 wherein the 
nitrogen-containing heterocycle is selected from triazine or pyrimidine. 

5. A reactive dye compound according to any of Claims 1 to 4 wherein the linking 
group is selected from NR, NRC=0, NRS02 where 

R is selected from H or C1-C4 alkyl which can be substituted by halogen, 
hydroxyl, cyano, C1-C4 alkoxy, C2-C5 alkoxycarbonyl, carboxyl, sulfamoyl, 
sulfo, sulfato. 

6. A reactive dye compound according to Claim 5 wherein the Imking group is NR. 

7. A reactive dye compound according to Claim 6 wherein R is H or C1-C4 alkyl 
preferably H. 

8. A reactive dye compound according to any of Claims 1 to 7 wherein the thio- 
substituent is SR' wherein R* is selected from R' is H, C1-C4 alkyl, 
(CH2)nC00H, (CH2)nCONH2, (CH2)nS03H, (CH2)nCOOM, (CH2)nP03H, 
(CH2)nOH, (CH2)nSS03', (CH2)nNR"2, (CH2)nN^R"3, PhSSOs", PhSOsH, 
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PhPOsH, PhNR"2. PhN^R"3, -CN, SO3", (CH2)2CH(SH)R"(CH2)3COOH, - 
CH2CHOHCH2SH, and 



10 



15 



20 



^NH 



NH,. 



NH2 

/ 

HjC CH 

\ 

COOH 



HC COOH 



CH2 COOH 



C=CH 



COOHCOOH 



CH, 

1 

C COOH 

I 

H 



OH 

I 

C COOH 

I 

CH3 



25 
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10 



HaC O C (C H2)n 



CH O CO (CH2)n SH 



CH2 O CO (CH2)n SH 



O 

II 

H2C O C (CH2)n 



CH O CO (CH2)n SR" 



CH2 O CO (CH2)„ SR" 



H n(H2C) O C (CH2)„' 



CH2 O C (CH2)„ 



CH2 O CO (CH2)n SH 



CH2 O C (CH2)n- 



15 



CH2 O CO {CH2)„ SR" 



CH2CH2CH CH2CH2CH2COOH 



SR" 
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9. 

10 

10. 

11. 

15 



20 



-CH2CH2NH2. 

n is an integer in the range of 1 to 4 wherein within the same molecule n is not 
necessarily the same integer; and M is a cation of alkaline earth metal, alkali 
metal, NH4"^ or m"3^. 

A reactive dye according to Claim 8 wherein R' is selected from (CH2)nC00H, 
(CH2)nOH, (COOH)CH2CH2(COOH). 

A reactive dye according to Claim 8 or 9 wherein R' is CH2COOH. 

A reactive dye compound according to any of Claims 1 to 10 wherein the 
quatemized nitrogen derivative is Q+ wherein Q is selected from 







4 
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N 




COOH 



N 



N 




CONH. 



N 





CONH- 



10 



N 





CONH2 



N 




CONH2 




15 



N 





COOH (isonicotinate). 
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N 





CONH2 



N 



^ (DABCO), 



N 



CH3 



N 



10 



I 

CH3 
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(CH3)2N-NH2; 
N(CH3)2CH2COOH (dimethylaminobetaine); 

N(CH3)2(CH2)nNH2 

N(CH3)2(CH2)nN''R"3; 
N(CH3)2CH2CONH2; 
wherein R" is C1-C4 alky I and n is an integer of from 1 to 4. 

12. A reactive dye according to any of Claims 2 to 11 wherein Q is selected from 
nicotinate, DABCO, dimethylaminobetaine and isonicotinate. 

13. A reactive dye according to any of Claims 2 to 12 wherein Q is nicotinate. 

14. A reactive dye compound having the formula: 




wherein: D is a chromophore group; 

L is a linking moiety selected from NR, NRC=0, NRS02; 

R is H or C1-C4 alkyl which can be substituted by halogen, hydroxy 1, 
cyano, C1-C4 alkoxy, C2-C5 alkoxycarbonyl, carboxyl, sulfamoyl, sulfo, 
sulfato; 

Z is a nitrogen containing heterocycle; 



R* is selected from R* is H, C1-C4 alkyl, (CH2)nC00H, (CH2)nCONH2, 
(CH2)nS03H, (CH2)nC00M, (CH2)nP03H, (CH2)nOH, (CH2)nSS03; 
(CH2)nNR"2, (CH2)nN'*"R"3, PhSSOs", PhS03H, PhP03H, PhNR"2, 
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PhN'^R"3, -CN, S03", (CH2)2CH(SH)R"(CH2)3COOH, .CH2CHOHCH2SH, 
and 



10 



NH 



NH2. 



/ 

H2C CH 



NH 



COOH 



HC COOH 



CH2 COOH 



15 



C=:CH 



COOHCOOH 



20 



CH. 



C COOH 



H 



OH 



C COOH 



CH3 



25 
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10 



II 



H2C O C (CH2)n 



CH O CO (CH2)n SH 



CH2 O CO (CH2)n SH 



o 

II 

H2C O C (CH2), 



CH O CO {CH2)n SR" 



CH2 O CO {CH2)n SR" 



O 

II 

H n(H2C) O C (CH2)n 



O 

II 

CH2 O C (CH2)„ 



CH2 0 CO (CH2)n SH 



O 

II 

CH2 O C (CH2)„ 



15 



CH2 O CO (CH2)n SR" 



CH2CH2CH CH2CH2CH2COOH 



SR' 
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-CH2CH2NH2. 

n is an integer in the range of 1 to 4 wherein within the same molecule n is not 
necessarily the same integer; and M is a cation of alkaline earth metal, alkali 
metal, NH4^ or NR"3^. 

Q is selected from 



10 



NR"3, 



N 




15 



N 





COOH (nicotinate), 



N 





COOH 



N 




COOH 



25 



N 




CONH2 
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N 




CONH2 



10 



N 




CONH' 



N 




CONH2 




N 




COOH (isonicotinate). 



N 





CONH2 
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NHR" 




(CH3)2N-NH2; 
N(CH3)2CH2COOH(dimethylaminobetaine); 

N(CH3)2(CH2)nNH2 

N(CH3)2(CH2)nN''R"3; 
N(CH3)2CH2CONH2; 



10 



wo 99/51685 PCT/US99/07293 

69 

wherein R'* is C1-C4 alkyl and n is an integer of from 1 to 4. 



A is halogen, preferably chlorine or fluorine; 
and salts and esters thereof 

15. A reactive dye according to Claim 14 wherein Z is selected from triazine, 
pyrimidine, quinoxaline, phthalazine, pyridazone, pyrazine. 

16. A reactive dye according to Claim 14 or 15 wherein Z is selected from triazine, 
pyrimidine or quinoxaline. 

17. A reactive dye according to any of Claims 14 to 16 wherein Z is selected from 
15 triazine. 

18. A reactive dye according to any of Claims 14 to 17 wherein L is NR, wherein R 
is H or C1-C4 alkyl, preferably H. 

20 19. A reactive dye according to any of Claims 14 to 18 wherein R* is selected from 

(CH2)nCOOH, (CH2)nOH, (COOH)CH2CH2(COOH). 

20. A reactive dye according to any of Claims 14 to 19 wherein R* is CH2C00H. 

25 21 . A reactive dye according to any of Claims 14 to 20 wherein Q is selected from 

nicotinate, DABCO, dimethylaminobetaine and isonicotinate. 

22. A reactive dye according to any of Claims 14 to 21 wherein Q is nicotinate. 

30 23. A reactive dye compound having the formula (II): 




wo 99/51685 



70 



PCT/US99/07293 



wherein B is a chromophore D as defined above or other organic radical suitable 
for use in place of a chromophore provided that the reactive dye compound 
contains at least one chromophore group; 

L, Z, Q, A are as defined hereinabove; 

J is selected from S, O, NH 

K is selected from Q^, halogen 

L' is a linking group which can be any suitable biradical linking group 
suitable for use in dye compounds and is preferably selected from B 
wherein B is as defined above, CI-C4 alkyl, esters having the formula 
(Al), diesters having the formula (Al), amides having the formula (Al), 
diamides having the fonnula (Al) wherein A is (CH2)0-2-(C(0)-J)o,l- 



(CH2)l-4-(J-C(0))o,i-(CH2)o.2-(J-C(0))-(Ci-C4HC(0)-J)- where J is 
O, NH or S; 

C1-C4 dialkyl sulphides, C1-C4 dialkylsulphoxides, C1-C4 dialkyl 
sulphones, C1-C4 dialkyl carboxylates, or groups having the formula: 




HS 



(CH2)l-4 



C(0) 



N 



N 



qo) 



(CH2)r4 



SH 




or 



HS 



(CH2)r4 



C(0) 




CH3 



\ 
J 



N 



C(0) 



(CH2)r4 



SH 



24. A reactive dye compound having the formula (III): 




wherein: B, L, Z, Q, J, K and A are as defined above and L" is a linking 

group which can be any suitable triradical linking group suitable 
for use in dye compounds and is preferably selected from glycerol 
and diethylenetriamine, provided that the reactive dye compound 
comprises at least one chromophore group. 

25. A reactive dye compound having a formula (IV): 




wherein: each of D, Z, R', Q and A are the same or different and 
are as defined above. 

26. A reactive dye compound having a formula (V): 
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wherein each of B, Z, Q, A, K\ L and L' are the same or different and are 
as defined above, provided that the reactive dye compound contains at 
least one chromophore group. 

27. Use of a conipound according to any of Claims 1 to 26 for dyeing and printing 
ceilulosic substrates, preferably cotton. 

28. Use of a compound according to any of Claims 1 to 26 for dyeing and printing 
wool. 

29. Use of a compound according to any of Claims 1 to 26 for dyeing and printing 
polyamide substrates, preferably nylon. 

30. Use of a compound according to any of Claims 1 to 26 for dyeing and printing 
silk. 

3 1 . Use of a compound according to any of Claims 1 to 26 for dyeing and printing 
keratin, such as hair. 

32. Use of a compound according to any of Claims 1 to 26 for dyeing and printing 
leather. 

33. A dye composition comprising one or more compounds of any of Claims 1 to 26. 



wo 99/51685 



73 



PCT/US99/07293 



34. A dye composition according to Claim 33 wherein the composition is in the form 
of a solid mixture and further comprises an acid buffer. 

35. A dye composition according to Claim 33 wherein the composition is in the form 
of a liquid and further comprises water and an acid buffer. 

36. A dye composition according to Claim 33 wherein the composition is in the form 
of a paste and further comprises water, thickening agent and an acid buffer, 

37. A dye composition according to Claim 33, 35 or 36 wherein the pH is preferably 
about 5 or less, preferably from about 2 to about 3. 
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